Laparoscopic surgery has generated a revolution in operative medicine during the past few decades. Although strongly criticized during its early years, minimization of surgical trauma and the benefits of minimization to the patient have been brought to our attention through the efforts and vision of a few pioneers in the recent history of medicine. The German gynecologist Kurt Semm (1927Semm ( -2003 transformed the use of laparoscopy for diagnostic purposes into a modern therapeutic surgical concept, having performed the first laparoscopic appendectomy, inspiring Erich Mühe and many other surgeons around the world to perform a wide spectrum of procedures by minimally invasive means. Laparoscopic cholecystectomy soon became the gold standard, and various laparoscopic procedures are now preferred over open approaches, in the light of emerging evidence that demonstrates less operative stress, reduced pain, and shorter convalescence. Natural orifice transluminal endoscopic surgery (NOTES) and single-incision laparoscopic surgery (SILS) may be considered further steps toward minimization of surgical trauma, although these methods have not yet been standardized. Laparoscopic surgery with the use of a robotic platform constitutes a promising field of investigation. New technologies are to be considered under the prism of the history of surgery; they seem to be a step toward further minimization of surgical trauma, but not definite therapeutic modalities. Patient safety and medical ethics must be the cornerstone of future investigation and implementation of new techniques.
INTRODUCTION
A wide spectrum of gastroenterological diseases require surgical therapy. As early as the 4th century before the Common Era, Hippocrates stated: z ␣ ␣ ␣␣ ' '␣, ␦ '␣. . . .," meaning "What medicines do not heal, the lance will. . . ." 1 The history of abdominal surgery demonstrates a magnificent evolution from ancient years to the present. The drastic progress during the past centuries was initiated by the development of anesthetic techniques. 2 Another landmark was the recognition of antisepsis and antimicrobial therapy as key components of favorable operative outcomes. 3, 4 Safe and effective analgesic regimens have largely completed the sum of conditions essential for the operative treatment of surgical diseases. 5 Nonetheless, surgery is invasive, per se, subjecting the human body to significant stress, with an impact on a variety of systems, the most important of which are the cardiovascular, respiratory, excretory, and immune systems. 6 Consequently, surgical stress affects organ homeostasis, which may be well tolerated by fit subjects, but poses significant risks to frail patients. 7 Irrespective of physical status, surgery causes pain, which may deeply affect the human psyche in combination with the patient's perspectives and fears about the invasive nature of the procedure. 8 -10 It soon became clear that small incisions induced less operative stress. While anesthesia, analgesia, and antisepsis have provided a stable foundation for general surgery, for many years, investigators have struggled to reduce the size of incisions for diagnostic purposes and, from the 1980s to the present, with therapeutic intent. Efforts to explore human body cavities commenced in the early classical period of ancient Greece. 11 Georg Kelling was the first to perform a laparoscopy with a cystoscope, but Hans Christian Jacobaeus, an internist from Stockholm, performed extensive research on laparoscopy and popularized the method. His work included primarily patients with ascites, which was evacuated to allow air insufflation and direct visualization with a cystoscope. 12
EVOLUTION OF MINIMALLY INVASIVE SURGERY
During the first decades of the 20th century, laparoscopy was a diagnostic tool for abdominal pathologies. The laparoscopic concept crossed the borderline between diagnostic medicine and therapeutic surgery, thanks to a pioneer surgeon, the gynecologist Professor Kurt Semm (1927 Semm ( -2003 . 13 Semm received an abundance of criticism for his laparoscopic techniques, even from his fellow gynecologists, and was insulted both personally and scientifically. 14, 15 Sporadic cases of bowel injury were the impetus for the criticism and have constituted an impediment for the dissemination of his techniques. Nevertheless, Semm had some aces up his sleeve for the defense of surgical laparoscopy. His family owned a manufacturing company and implemented Semm's ideas in a short time, constructing surgical equipment for laparoscopic purposes. 16 Furthermore, he had been performing research on operative laparoscopy for many years, 17 and he stood up for what he believed, despite the onslaught of criticism. Holding lectures around the world, he found supporters, mainly across the Atlantic, and the advantages of laparoscopic surgery started to be acknowledged. Professor Erich Mühe performed the first laparoscopic cholecystectomy in 1985, although Philippe Mouret has frequently been cited as having performed the first procedure. 18, 19 Mühe had worked as an assistant in Erlangen, a university center in Germany with wide experience in endoscopic procedures, and had practiced rectosigmoid polypectomy with endoscopic instruments since 1977. 20 Fascinated by laparoscopy and the work of Semm, he developed a direct visualization endoscope (Figure 1) , which he used for laparoscopic cholecystectomy. His pioneering work was rejected by the German Surgical Society, and it was recognized by the Society only after widespread use of laparoscopic cholecystectomy by his French colleagues. It was not until 1997 that he was acknowledged for his pioneering method of cholecystectomy. 18 The vision of a few surgeons, although opposed by most of the medical community, paved the way to minimally invasive surgery.
Laparoscopic cholecystectomy rapidly became the procedure of choice throughout the world. 21 Fundoplication, adrenalectomy, groin and abdominal wall hernia repair, and colon surgery were introduced in the 1990s, and case reports of splenectomy, pancreatectomy, gastrectomy, and hepatectomy were sporadically published. Most of these operations were performed for benign conditions, because they had not been technically validated, and their oncological effectiveness was poorly defined. After 2000, initial observations claiming higher abdominal wall recurrence rates of colon adenocarcinomas were disproved. 22 At the same time, the first long-term results of randomized trials on laparoscopic colon resection for cancer became available, [23] [24] [25] which provided a further impetus for minimally invasive techniques. The establishment of laparoscopic centers throughout the world and the development of minimally invasive training curricula signaled the laparoscopic era. The procedures are now performed in operating rooms specifically designed for laparoscopy (Figure 2) .
ROBOTICS, NOTES, AND SILS
Although the use of basic laparoscopic techniques was spreading throughout the world, the laparoscopic scientific community kept seeking ways to obviate the limitations associated with the procedures, such as the lack of tactile feedback, the 2-dimensional view, and the limited degrees of freedom of the laparoscopic instruments. Robotic surgical platforms have been available since the late 1990s, and today these are represented by the only commercially available platform, the da Vinci System (Intuitive Surgical, Sunnyvale, California). Robotic platforms are manipulated by a surgeon situated distant from the surgical field, who uses a 3-dimensional laparoscopic view and special "chopstick" instruments (Figure 3) . The hardware filters the surgeon's hand motions and is thought to provide increased precision and enhanced dexterity, allowing for multiple degrees of freedom, similar to the human wrist. 24 Nevertheless, robotic platforms remain extremely costly, and their advantages currently seem to be clinically significant only in a subset of surgical procedures, such as rectal resection. 26 Thanks to the works of Buess and colleagues, 27 as well as that of others across the world, transanal microsurgery has provided an incentive for the so-called natural orifice transluminal endoscopic surgery (NOTES). The first case of transoral cholecystectomy in a human was published in 2007. 28 Since then, cases and patient series of appendectomy, sleeve gastrectomy, splenectomy, and other procedures performed using the NOTES concept have been published. More important, transesophageal sphincterotomy for esophageal achalasia seems to provide clinically acceptable outcomes. 29 It is clear that these techniques have not been standardized yet and are being performed in specialized centers.
Laparoscopic surgery through a single incision (SILS) has drawn the attention of the surgical community as an alternative to NOTES. Because single-incision procedures may also be performed with conventional laparoscopic instrumentation, their use has increased rapidly. Cholecystectomy, appendectomy, sleeve gastrectomy, splenectomy, and other procedures may be performed with the SILS method in selected patients. 30 -33 The clinical advantages of SILS have not been well established, and there is speculation about an increased incidence of biliary complications and incisional hernias. 34 -36 
FUTURE PERSPECTIVES
In reviewing the history of minimally invasive surgery from its early years, it becomes evident that it is an evolving, vital field of operative medicine. NOTES, SILS, and robotic surgery do not constitute techniques, rather they are concepts. They are thus to be regarded as transitions from laparoscopic surgery to as yet unknown fields of minimally invasive therapeutic modalities. Current research projects seek to enhance surgical motion features through laparoscopic ports. A recently developed robotic platform combines the single-incision concept with robotic surgery, allowing for independent traction, manipulation, and dissection through a single polycerated tool (Figure 4) . 37 The STIFF-FLOP (STIFFness controllable Flexible and Learnable Manipulator for surgical OPerations) project, a European initiative funded by public, scientific, and private sectors, is seeking to create an articulating cognitive robotic arm that can stiffen its parts, depending on the situation, similar to the octopus arm. 38 Further research projects around the world are focusing on the development of robotic platforms with controlled independence that can be applied in various surgical situations.
As a scientific community, we have the obligation to learn from the past. From the history of laparoscopic surgery, the following must be considered when approaching a new technology or technique:
1. Pioneers of laparoscopic surgery were not only surgeons, but also internists and gastroenterologists. An interdisciplinary approach must therefore be implemented to the extent possible, disregarding specialty frontiers, to enhance productive creativity and technical innovation. 39 2. Surgeons who developed and improved laparoscopic surgery were not accepted in their home countries and within their own disciplines. This rejection reminds one of the biblical saying "no prophet is accepted in his own country" (Luke 4:22). Laparoscopic techniques still have not been completely embraced by general surgeons, despite the established advantages in a wide spectrum of these procedures. Minimally invasive techniques must be incorporated further into surgical practice; otherwise, a new surgical specialty may arise. 3. Laparoscopic techniques emerged from gastroenterologic procedures performed with endoscopic instruments. With the introduction of NOTES, the paths of surgery and gastroenterology have met again, one hopes in a productive way. 4. Biliary injuries occurred at a higher incidence in the early years of laparoscopic cholecystectomy, as compared to those that occurred in open surgery. 40 Semm's bowel injuries have been a drawback for the acceptance of the laparoscopic concept by the surgical community. At that time, laparoscopic surgery was considered an unethical dangerous practice. Today, the advantages of laparoscopic surgery are indisputable. Future research should be founded on patient safety and ethical principles. It would not be prudent to consider novel surgical developments as techniques that provide optimal cosmetic outcomes or improve the surgeon's comfort, rather than as a step in the evolution of minimally invasive surgery. In this context, it is essential to ensure patient safety and to "first, do no harm."
